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ABSTRACT

This report contains a set of vibrationally identified spectrograms of the First
(N _ B Y_=-X Y_0). A compilation of all theNegative System of Ionised Nitrogen ,+ 2 + _ +

available molecular data on the states involved, a brief description of the appear-

ance, occurrence and history of the systenl and a selected bibliography are also
included.
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PREFACE k_

During the past decade, spectroscopic methods tion of the atlas, and a tabulation of essential

and techniques have been increasingly employed molecular data. Emphasis is placed on vibra-
for a variety of research purposes in many tional rather than on rotational structure as it is
branches of physics, chemistry, aeronomy and with vibrational structure of band systems that
astronomy, and a need for a working knowledge the first problems of identification usually arise

of spectroscopic methods has been felt by many in practice.
whose main field of research is not spectroscopy The most valuable single aid to identification

per se. of molecular spectra is of course, Pearse and '
Positive identification of spectroscopic features Gaydon's indispensable work "The Identification

is the first and most common requirement in any of Molecular Spectra" (1941, 1950, 1063). The
application of spectroscopytoresearch, whatever tables in this are arranged with the practical
its orientation. Wavelength lists of many atomic spectroscopist in mind, and the photographic
lines and some molecular bands are of course reproductions of a number of common and

available and well known. Wavelength coinci- important molecular spectra are particularly
dence alone, however, is not always sufficient for useful. The comparabl_, work "Donn6es Spectro-

positive identifications and photographic atlases scopiques" edited by Rosen (1951) presents the
for direct compa-ison with experimental spectra wavelengths of many band systems in Deslandres
are always extremely useful, tables, essential molecular constants and a very

Such atlases are neither common nor corn- complete bibliography (up to 1950). Two signifi-

prehensive. The purpose of the present series of cant compilations of molecular spectra which are
reports is thus to provide photographs (at two or important in astronomical and aeronomical appli-
three commonly used dispersions) of important cations have recently been published by Wallace
band systems, to each set of which vibrational (1062a, b). He has the user very much in mind
numbering and a wavelength scale have been and gives very useful bibliographies.
added for direct comparisons with experimental Phillips and his colleagues at Berkeley (19G3) i

spectra for which identifications are sought. The are making distinguished contributions to the
reciprocal dispersions most commonly used in detailed compilation of rotational structure (to

the reports are: high (_150 A/mm), medium high quantum numbers) of band systems im- i
(_15 A/ram) and low (_5 A/mm). In addition portant in astronomy. Bass and Broida (1953,
to the identified photographs each report in- 1961) have produced valuable spectrophoto- i

cludes brief comments on the character of the metric atlases o_ OH and CH in which the

spectrum, its common conditions of occurrence rotational structure is clearly identified. Dieke
and excitation, some historical background of the and his colleagues (1959, 1962) have done a
relevant research, a bibliography of papers which similar service to Nl and OH band systems.

have been found most valuable in the compila- Herman and Hornbeck (1951) published an

1966016031-007



2 PREFACE

article some years ago in which vibrational

identifications were made of many of the spectra
conunonly met in combustion spectroscopy.

The important ".Molecular Spectra of Metallic

Oxides" produced by Fr. Junkes and his col-
leagues at the Vatican Obserwitory is a most
useful identification akl for ,netallic oxide spectra,

especially those of astrophysical interest.
While the present series of -eports is not as

ambitious as some of the above works, it is hoped

th,_t it will fill a gap which many have felt
existed in the reference literature of molecular

spectroscopy.
R. W. NICnOLLS, Editor
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N + B 2_+-X _-X_+ FIRST NEGATIVE SYSTEM

1, INTRODUCTION
_C,C_-_ 4S¢5P 9ev

Nitrogen is a major constituent of the at nios- @z,__
phere. Its spectrum is easily excited and it is ah cm-'

important contributor to the spectrum of i:!l 60oo0

luminescent atmospheric phenomena. Therefore a_0
N2 and its spectrum have been studied iL_much 7"-'-
detail for many years.

!5_::,.'/ Negative
The First Negative System of N_+ lic._ e ,,_m

spectral region 2900A-5900A and some 175 4oooo[ "tnc._

bands o_ the system have been reported to. ,l_:te. [ I s_temThe main bands of the system are rea.4ily

excited, occurring in the negative glow of aim,st 3oooo[ I Ba£+
any discharge through air or nitrogen. They art, +

_ CLL_ i

blue degraded and the three most prominent _ooo_- ,,,:.,:

sequences occur in the wavelength regions 3550A t ' "" ..... [2

(Av= 1),3900A(Av=O)and4250A(Av= -1). [ A_,

"['he relative intensities of these sequences are _x)o

usually (very roughly) 1:2:1. _y,t,m o,_r<sto_ x2r".The transition which gives rise to the system o ._ v

is _Rty+__Y .'_'+..,.The position of these levels with Fig. 1. Observed levels :rod systems of N+
respect to other levels of N + is shown in Fig. 1,
together with other known transitions of N +. values so far observed are v = 29 for the B sIg+

The constants of the states involved and a stateand v = 23 for the X 22;_state. All observed
Deslandres table of observed band heads are bands with t/ < 7 and also those with

given in Tables l and II respectiveb. 8 < t/< 11 and AV < --1, are blue degraded.
The most commonly observed bands lie in the All observed bands with ff • 12 and those with

--2<Av<2, V <5, _quences and all these t/ = 10, 11, Av•0 are red degraded (Fig. 2)
bands are blue degraded. However under although some appear headless on weak ex-
favourable circumstances many more bands, posures. These are the so-called tail bands of the

some red degraded, are excited, most being tail system. Very few bands have been observed in
bands of these sequences, the region 6 < v'< 9, Av • 0; it can be pre-

dicted however that in the main these bands

2. SPECTRAL FEATURES will be weakly degraded and overlapped by other
The system has been observed o;'er a wide stronger bands of the system (Tyte 1962).

range of vibra,mnal energy levels; the highest The rotational structure of the system is ' e_"
3 "

!
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4 TYTE ANI) NICIIOI.I.S

' '_ of gases containing nitrogen A disrh,:rg,: through

V 0 z 4 6 8 _ 12 _ 16 tO Z0_.24 a rare gas (particularly helium) containing a
0 x x x x × trace of nitrogen is a very good source of theXXXXXX
2 xx xx xx x -:.;'stenl. It can also be excited in microwave dis-

XXXXXXXX
4 x x xx xx x x • ',-,.rges, hollow cathode discharge,, a'nd fre-

XXXXXX r

x x x x :iuently occurs in the different t) pes of afterglows
x xxx which can be excited in nitrogen. It :s somewhat8 A xxx

ix x x x more difficult however to excite the systemIC 00000 x --
o o oo o x without also exciting the overlapping and very

12 0000
o 0 0 o o strong second positiw; system of nitrogen. Papers

14 ooo o by Herzberg (1928), I'art'er (I'.M3), I)ouglasO0 0 - ,

oooo oo (1952) and Janin and F'vran(i (1954) all describe000 O0
iE o oo o o o discharge conditions favourable for excitation of

OOnO O00
zc o o o o o o o the systenl. Jt is also at pronlinent f:ature of the

o o o o spectrum excited by the passage of an ion beam0 O0 O0

xBlue-degmdeOl_nds through nitrogen (Nichoils, Reeves arid Bromley
o 1960, Lowe alld Ferguson 1965).2_ o Red-degradedbands oo

The system is a nlajor contrii)utor to the

2_ aHeadless bonds o o molecular spectrum Lf the aurora and occurs in
the twilight, day and nigttt airgiows. A complete

Fig. 2. I)eslandres table showing the vibratio;,d distribution sunllnarv of tile occurrence of the s't.'s_etll under
.rod degradation of the observed I)and., of the N + tir_t

negative s__tet:, these con(litions is given by Chamberlain (IPG1).

4. lllSI'ORICAL SURVEY
simple. Each band consists of two branches, a !"
t)ranch atl(l an R branch and the I)an(I origin is Though the First Negative system hits been

known and ass,wiated with Nitrogen since thequite apparent at low rotational temperatt,res.
I'nder high resolution it can be seen that each 1880's the first worker to achieve any succe_ in
couq)onent of each branch is a doublet. The analysing it ,vas Fasbender (1924) who nlade a
intensity ahernation of successive lines of any partial rotational analysis and gave a list of 3fi
branch, a characteristic of the spectrunl of it l)andheads.

The vibrational analysis was perfornled bysynnnetric nlolecule, is also app, trent. ]lay, ever,
!n sonte bands under certain conditions of ex- Herzberg (1928) who observed nlany new bands.

Wood and I)ieke (1938, 1940) studied the isotopecitation, this effect CalII l)e obscured by super-
position of lines of the P and R branches with effect in this s.vstem using t4N-t_N and tSN-tbN

and confirnled Herzberg's vibrational analysis.different statistical weights. Rotational pertur-

bations have been reported in the following Little further work on extending the vibrational
"_" vibrational levels of the B '_ state, v = 0 (('hilds ana sis was done until l)ouglas (19;52) re-

1932): v : 1 (Fasbender 1924, Coster and Brans exanlined the system ill deta3 identifying many
1931): v = 3 (Coster and Brans 1931, ('rawford bands with high vibrational (i,lantunl numbers,

and Tsai 193;5): v = 3 (Parker 1933b,. v = o and Janin auld Eyrand (19;54) observed it number
(Brans 1934):v = 13 (Parker 1933a)'v = 1i-16, of bands with intermediate vibrational quantum _"

"2'2,26, 27, 29 (I)ouglas 19.32). ()ne rotation numbers.
perturbation hits been relmrted in the X *_ The rotational autolysis commenced by
state, for the v = 7 level (Tyte 1963). Fasbender (1924) was extendt_l by 31erton ;rod

These perturbations affect both the intensity l'illey (192;5) and in the period 19:]0-35 much
and imsition of the individual rotational lines, work was done on this by Coster and Brans

(1931), Childs (1932), Parker (1933a, b), Brans
(1934) and Crawford and Ttafi (1935). Douglas

3. OCCURRENCE (1952) also analysed a number of bands..Much
Sources of the Nitrogen first negative system of this work was directed towards identifying the

are varitxl. It occurs in the negative glow of any numerous rotational perturLations which exist in
discharge through nitrogen or through it nfixture the system (see seetion 2). These perturbations

i
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N + B _Z+-X _:+ FI RS'I NEGATI VE SYS'I EM 5

are caused by the interaction of the A _IIu state the "_ _+C Zu state and the B 2y+ state. The inter-
with theB2 +2;, state and until the observation of action between these two states of the same

the A 2rl,-X 2Z+ system by .Meinel in 1959" species is very strong and Douglas (1952) dis-

these perturbations were the only experimental cusses its effect in detail. The interactions which

evidence as to the existence of this theoretically cause the numerous rotational perturbations

predicted 2II state, observed are the much weaker ones between

The intensities of the system have been exten- individual vibrational levels of the A 2II_ state

sively reported and most of the papers on the and the B _Z+ state. A theoretical treatment of a

vibrational analysis of the system contain at _II-2Z perturbation was givenby Ittmann (1931).

least eye estimates of intensity. Other papers The Kleinq)unham potentials for the X and B

dealing only with the intensity of the system and states are shown in Fig. 3 and are listed in

the variation of its intensity with conditions of Tables IX and X. See also Gilmore (1963).

excitation have been published by Smythe and

Arnot (1930), Duffendack, Revans and Roy _oooo r

(1934), Wallace and Nicholls (1955) and Tyte cm-'[||l __ - _

(1962). Nicholls (1961) has published a table of : - _ - __ --_5 ev
Franck-Condon factors to high quantum num- 6oooo r

bers. 7

The lifetime of the v' = 0 level of the B _. + ' %

has been measured by Bennett and Dalby (1959). 5oooo- 6

They found that

oN8 oxooooO/o.o
Schumaker (1963) has measured oscillator

strengths of the system excited in an are, getting 4

good agreement with those calculated (Nicholis 3o0oo[ _s
1963, 1964) using Bennett and Dalby's lifetime 3

data. 2000
The occurrence of the systerl in the auroral

spectrum was first recognised by Vegard in 1913 - 2

and it has been extensively used t° make tem- '°°°° t \__

perature measurements on the aurorae since the

rotational structure is verb" favourab _ for this

type of work. o[ .........- 09 I0 II ,2 13 14 15 16 17 _8 I.q ;_0 21 0

5. MOLECUI.AR STRUCTURE Fig. 3. Klein-Dul ham potential curves for the X22; and
B2Y.states of N'_

"_ As in the case of N_, the structure of the N +

ion has been extensively studied, but many e. MOLECULAR DATA
fewer levels and systems of the ion are known.

Four systems are definitely attributed to N + and The fundamental constants of the X 2Z+ and

these involve five states, three _Z and two _II. B _Z,+ states of N + are displayed in Table I.

The relative positions of these states are shown The band head wavelengths (in air) and the

in Fig. 1. band origin wavenumbers (in vacuo) are dis-

Mulliken (1957) has theoretically predicted a played in Deslandres arrays in Tables II and III

large number of N_+ states, both attractive and respectively. For low vibrational quantum num-

repulsive, while Lofthus (1960) has discussed the bers the band origin wavenumbers can best be

correlation betweep the states of N + and possible represented by the formula

Rydberg states of N2.

The upper potential curve (B _Y.+ state) is v = 25461.5 at- 2419.84 (v' + ½)

distorted and depressed by interaction between - 23.19 (v' + ½)2 _ 0.5375 (v' + ½)3

*Meinel, A. B., Astrophys. J. 112, 562, 195{}; 114, 431, - 2207.19 (v" + ½) -[- 16.14 (v" + ½)_
vJ51. + 0.0400 (v" + ½p

f r _ "
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6 TYTE AND NICHOLLS

TABLE l (a) General

Constat;t_ of the X 2Z_ and B 2_;, states of N._ GAYDON, A. G., 1953, l)issociation Energie._ and Spectra
-= _ : _ -=...... _ -____ of Diatomic Molecules, Chapman and Hall, London.

HV;RZaER%G., 1.950, Molecular Spectra and Molecular
_A = 7.00363 Structure I, Spectra of Diatomic Molecules, Van

_,, Nostrand, New York.
T, = (1 LOFTHtS, A., 1960, The Molecular Spectrum of Nitro-
w, = 2207.19 cm _ gen, Spectroscopic Report No. 2, Dept. of Physics,
w,x,. = 16.14 cm -_ l'niver_itv of Oslo, Norway.
w,y, = --0.0400 cm _ PV:ARSE,R. \\:. B. and GAYDON, A. G., 1963, The ldentifi-
B, = 2.0,_3 -- 0.(1197)tv 5- _) cm -l cation of Molecular Spectra, Chaplnau and Hall,
r, = 1.116 A London.

/5 _ZS I{OSEN, B. (ed.), 1951, Donn6es Spectroscopiques Con-
T, = 25461.5 cm -x cernant Les Molecules l)iatomiques, Herman et Cie,
_0, = 2419._4 cm -_ I'ari_.
o,.x, = 23.19 cm t XVALLACI.:,L., 1962, Ap. J. Supplement 6, 445.
_o_,,,.= --0.5375 cm
B,. = 1.932 - 0.020 Iv + _) cm z (b) Vibrational Analysis

.... r_ = I.(175 A I)OUGLAS, A. E., i952, Can. J. Phys. 30, 3(12.
11ERZBER(,, G., 1928, Ann. d. Phys. 86, 189.

(11 l)ata and nomenclv.ture fronl Herzberg (1950). The JANIN, J. and ERRAND,I., 1954, J. Phys. Rad. 15, 885.
wtlue_ are based on b:,'ld origin mea.surement_. MERTON, j. R. and PILLEY,J. G., 1925, Phil. Mag. 50, 195.

_2) Because of perturbations of the upper level it is StovmnEr, A., DELBOURGO, R. and I.AVFITTE, P., 1962,
safer in calculation._ involving large v to u_ the actual Comptes Reudus 253, 1936.
observed values for /5,. and G,. rather than the derived WOOD, R. \\. and DIEKE, G. H., 193_, J. Chem. Ph3s. 6,
constants. "l'he_ wdues are given in Table IV. 734.

(3) The ground state X_Z + of N7 lies 125672 cm q WOOD, R. W. and I)IEKV;,G. H., 1940, J. Chem. Phss. 8,
above the X _Z_ qround state of the Nt molecule. 351.

(4) The dissociation energy of N _ has been uncertain

for man\ years. There are two possible values. The correct (c) Rotational Analy._is and Perturbationsone i._no_: con.gdered to be 7039_ + 40 cm-_ (,_.725 + .005
eV) (Cavdon 19531. BRONS, 1t. H., 1934, Physica 1,739.

" CARROLL, P. K., 1959, Can. J. Phys. 37, 88(1.
CHILDS, \V. H. J., 1932, Proc. Roy. Soc. 137A, 641.

l.owever because of the vibrational perturbations CostF.r, D. and BRONS, }|. H., 1931, Z. Phys. 70, 492.
COSTER,D. and BroYs, H. H., 1932, Z. Phys. 73, 747.

of the upper state mentioned above, in all cal- CRAWVORD,F. H. and "I'sAL P. M., 1935, Proc. Am. Acad.

culations involving large vibrational quantum Arts. Sci. 69, 407.
I)OU(;LAS,A. E., 1952, Can. J. Phys. 30, 302.

numbers the observed energy" levels and interwds I_'ASBFNDt'_R,M., 1924, Z. Phys. 30, 73.
listed in Table IV should be used rather than PARKER,A. E., 1933a, Phys. Rev. 44, 90.

PARKER,A. E., 1933b, l'hys. Rev. 44, 914.
this fornltlla. STOEBNER, A., I)ELBOURGO,R. and I.AI"FITII:, P., 1!164,

Comptes l¢.endus 259, 1318.
Franck-Condon factors and r-centroids appro- "rVTE, I). C., 1963, Proc. Phys. Soc. 81, 163.

priate to the ,Morse potentials are displayed in

Tables V and VI, but, again betanse of the (d) Theoretical PapersBATES, I). R., 1949, Proc. Roy. Soc. :\196, 562.
vibrational perturbations of the B z +Z_ state, the GILMorv:, F. R., 1965, Journ. Quant. Spect. Rad. "l'ra,sf. $,
values for high quantunt numbers (say v > 7) 369.

GRANDMONTAt,NE, R. and EIDO,R., 1959, Comptes Rendus
should be treated with sonle reserve. 249, 366.

Table VII disphtvs Einstein A coefficients, ITTMAnn, G. P., 1931, Z. Phys. 71,616.
" Mt'LI IKEN, I,L S., 1957, "The Threshold of Space" p. 169,

oscillator strengths (f_,,,,,) and absolute band Pergamon Press, New York.

strengths (S,,,,,,,) while Table VIII contpares the NICHOLLS,R. W., 1961, J. lies. Nat. Bur. Stand. 65A, 451.
NICHOLLS,R. \V., 1963, J. Atmos. Terr. Phys. 25, 218.

intensities of the nlain bands of the system as NICHOLLS,R. W., 1964, Ann. de Geophys.)0, 144.

observed by a number of workers under a variety

of excitation conditions. Tables l\ and X give (e) ,'ntensity Measurements
BENNETT, R. G. and I)ALBY, F. \V., 1959, J. Chem. '_

the numerical values of the Klein-l)unham Phys. 31,434. ._

potentials for the two states. The half integral DVFFEnDACK,O. S., RI.;VAYS,R. W. and Roy, .\. S., 1934,Phys. Rev.. 45, 807.
wdues of, + _ represent real energy levels and tIERZBF.R¢,,G., 1928, Z. Phys. 49, 761.
turning points, the integral values represent SCHUMAKER,J. B., 1903, C.R. Vl Conf. Int. Ph6nombnes ,;d'ioni._atiun dans les gaz. (Paris) S.E.R.M.A., Vol. 3,
interpolated, imaginary, energy levels and turn- 311.

ing points. S._YtnE, It. D. and Arnov, E. G. F., 1930, Phys. Rev.,36, 1923.
TYTE, D. C., 1962, Proc. Phys. Soe. 80, 1364.

7. BIBI.IOGRAPtIY \VAt.LACE,L. V. and NmHOLLS, R. \V., 1955, J. Atmo._.
Terr. Phys. 7, 191.

While not claiming to be complete it is hoped ,.
that most of the relevant papers are contained rf) Occurrence

The following references mentioned elmwhere in
in this list. thi!l_isting aim refer to murce conditions favourable to

...... _ ,!
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N_ B 2_+-X _Z+ FIRST NEGATIVE SYSTEM 7

excitation of the N_+ first negative _yste,n. Herzberg (1928): (2) Auroral
Parker (1933): Douglas (1952): Janin and Eyraud (1954): C_A_BERLAXN,J. W., 1961, Physics of the-_4_orae and
Tyte (1962). Airglow, Academic Press, New York.
NICItO.'.LS, R. W., REEVES, E. M. and BROMLI':Y, l). A., KAI'I.AN, J., 1933, Phys. Rev. 43, 214.

1960, Proe. Phys. Soc. 76, 217. LYTLE,E. A. aud HUNTEN, D. M., 1962, Can. J. Phys. 40,
LOWE, R. P. and FEROUSON,H. I. S., 1965, Proc. Phys. 1370.

Soc. 85, X13. SOMMER,L. A., 1929, Z. Phys. 57, 582.
VEt;ABD, L., 1913, Phys. Zhur 14, 677.

TABLE IV

Observed Vibrational Levels, Vibrational Energy Intervals and Rotational Constauts

B _Z_+State X 2Z0+State

v T, -t- G,.(cm-I) AG,.+_(cm-l_ B,,(cm -I) T, + G,.(cm-1) AG,,+t(cm-1) B_(cm-q

0 26659 7 2371 5 2.073 1099.3 2174 8 1 922
1 29031.2 2318.8 2. 049 3274 l 2142.2 1. 902
2 31350.0 2260.4 2. 025 5416.3 2109.4 1. 879
3 33610.4 2196.4 2. 002 7525.7 2076.4 1. 861
4 35866.8 2122.8 1.968 9602.1 2043.0 1.841

5 39729.6 2041 0 1. 926 11645. l 2009 2 1. 826
6 39970.6 1951.1 1. 896 13654.3 1975.7 1.808
7 41921.7 1838.2 1. 852 15630.0 1939 9 1. 781
8 43759.9 1726.9 1. 810 17569.9 1907.0 1. 766
9 45486.8 1596.7 19476.9 1872.1 1. 740

l6 47083.5 1479.9 I. 7 l0 21349.0 1836 8 1. 724
! 1 48563.4 1371.4 I. 653 23185.8 1801.1 1. 703
12 49934.8 1276.3 1. 595 24986.9 1764.8 l. 683
13 51211.1 1196.3 1.545 26751.7 1728.1 1.663
14 524C7.4 l 126.6 1. 494 28479.8 1691.1

15 53534.0 1067. l 1.452 30170 9 1653.5 1.62
16 54601.1 1015.5 31824 4 1615 4 1. 593
17 55616.6 (966) 33439.8 1576.8 1.572
18 56582 6 (922) 35016.6 1537.3
19 57504.6 (882) 36553.9 1497.7 1.522

20 5_386.6 (845) 38051.6 1458.2 l. 500
21 59231 6 810 39509.8 1.475
22 60041 i: 775 1.188
23 60816.6 744
24 61560.6 717.7

25 62278.3 690.3
26 62968.6 661.8 1. 063
27 63630.4 637.6 1.036
28 64268.0 607.4
29 64875.4 0.977

Data from Douglas (1952).
There seems to be no reliable estimate of D_'s for the B 2y[ state. Carroll (1959) gives 6.1 X I0 -_ as an average D,

the X ty+ states and some B values which differ slightly from tho_ above and which are probably less accurate.

TABLE VI

r-Centroids (A) Appropriate to Morse Potentials

v'_v" 0 1 2 3 4 5 6

0 1.1007 1. 0529 1. 0144 O.9802 O.9483 O.9173 O.8860
1 1.1529 1.1132 1. 0588 1. 0192 0.9848 O.9529 0.9223
2 1.2188 1.1615 1.1380 1.0650 1. 0239 0.9892 0.9574
3 1.3225 1.2278 1. 1709 1.0720 1.0287 0 9935
4 1. 3364 1. 2371 1. 1814 1.0802 1.0335
5 1. 3513 1. 2467 1.1930 1. 0908
6 I. 3672 1. 2567 1. 2062

Data from R. W. Nieholls, unpublished work.
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TYTE AND NICHOLI,S

TABLE I 1

Wavelength (A) (in air) and Wavenumbers (cm-0 (in vacuo) of the Observed 13ant heads

v' \.,v" 0 1 2 3 4 5 6 7 8 9 10 11

9 3914.4 4278.1 470' . 2 5228.3 5864.7

25542 1 23368.3 21229. I 19121 4 17046 5

1 3582.1 3884 3 4236.5 4651.8 5148.8 5754.4

27q08.6 25739.4 23600.6 21491 1 19416.6 17373.2

2 : 303.0 3563 9 3857 9 4199.1 4599.7 5076.6 5653.1

30221 1 28051.2 25913.5 23807.9 21734 5 19692.7 17684.5

3 3078 2 3298.7 3548.9 3835.4 a166.8 4554.1 5012 7 5546.1

32489 $ 30306 3 28169 7 26065.5 23_92 5 21952.1 19943.8 18025.7

4 3076.4 3293 4 3538 3 3818.1 4140.5 4515.9 4957.9 5485.5

32500.3 30355 0 28254.1 26183.6 24144.9 22137.8 20164.2 18224.8

5 3291.6 3532.6 3806.8 4121 3 4490.3 4913 2 5420.8

30371.6 28399.7 26261 4 24257 4 22264 0 20347 7 18442.3

6 4110.9 4466.6 4881.7 5272.3

24318.7 22382 1 20479.0 18961.8

7 3808.1 4459.3 4864.4 5340

26252.4 22418.8 20551.8 18720

8 4466.6 /. _b4

22382.1 20551

9 3137.0 4489

31868.4 22.'270

10 2987.5 3174 4 3381.5 3612.6 3875.1

33463.1 31492 9 29564 2 27673.0 25798.5

1 l 2861.7 3033.0 3222.6 3433.0 3668.1

34934.0 32961.1 31021.9 29120.7 27254 3

12 2912.5 3280.0 3493.4 3733

34324 7 30479.1 28617.2 26779

13 2970 0 3148.5 3345.7

33660.2 31752.0 29880.6

1-1 3217.7 3419

31069 2 29234

15 3065.1

32615.9

16 3181

31418
17

18 2992

33409
19

20

21

22

23

24

25

26

27

28

20

This table was compiled using data from Douglas (1952), Herzberg (1928), Janin and F.yrand (1954), Merton and Pilley (1925), Stoebner, I)elbourgo a,
Laf_tte (1962, 1964), and Tyte (1963),
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,t

TABLE ll--(Co,,tinued)

v _vtt 12 13 14 1.5 IG 17 18 19 20 21 ..'_'_ 23 "*,

o _

1

'2

3

4

5

6

7

8 3330.0

18756.5
9 4883.3 5344.7

20472 3 18704.9

10 5384.3

185(17.4

11 4680 0 3450 0

213(i 1. ti 18343.5
12

13 3808.9 4743.1

2(1246.9 21077.4

14 3643.2 4850,7

27440 6 20blO,O

15 3500 6 3730 3 4969.3

28558.4 2(1799.9 20118.0

16 3374.6 3588.6 3824 7 4720.2 5099,8

29624.7 27858.1 26138.5 21177,0 19603.2

17 32(13 0 3460.8 3682.1 4850.0 5240.2

30637 8 28886.8 271.50 7 20612.8 19078.0

18 3160.5 3349.6 3782 8 4988.2 5391.1

31(131 4 2)9845.8 26428 0 20041.7 18543.9

19 3250.1 3443.7 3655 7 3891.8 4769.3 5136.4 5551.9

30759.4 29030.2 27346,8 25687.8 20961 . 6 19465.0 18006.9

20 3159 8 3341.7 3761.(i 4006.7 4913.5 5292.9 5721,9

31638.4 29916,3 2(157(1.9 24951.2 203411.4 18888.0 17471.9

21 3439.2 3646.1 5066.2 5458.2

'.)9068,2 27418.8 19733 2 18316.0

22 3345,7 3756 1 3994.9 5227.7 51132.1

")9880 6 26615.8 25024.9 19123.6 17750.5

23 3447.3

29000.8

24 3184.6

31392.1

24

26 3783.4

26423.8

27 3691.5 3907.6

27081.6 25583.9

28

29 3726.4 3940,6

26828,0 25369.7
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10 TYTE ANI) N ICHOLI,S

TABLE Ill

Wavenunlbers (in vacuo) (cm-0 of Observed Band Origins

v' '_v" 0 1 2 3 4 5 0 7 8 9 10

0 25566.0 23391.2 21249.0 19139 7

1 23620.5 21511 3 19434.7

2 25939.8 23830 O 21753.7 19710,4

3 24013.9 21971,1

1 22158.3 20182.6

5 30427.6 22305 4 20365.5

t; 22406.5 20499.0

7 20578.0
8 30112 0

9

10 33435.2 31459.(i ")9518.5 27611,3

11 34915.7 32940 1 30998 7 27119.8
12

13

14 31063.6
15

16

17

18

19

2O

21

22

23

24

25

26

27

28

29

Data collected from Crawford and Tsai (1935), Coster and Brons (1932), Douglas (1952), Parker (1933a, b), Stoebner, Delbourgo and Laffitte
(1964), and Tyre (1963).

i i
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X'_2__ _ 2_-__u-X FIRST NEGATIVE SYSTEM 11

TABLE Ill--(Continued)

vt_v tt 11 12 13 14 15 16 17 18 19 20 21

0

1
2
3

4
5

6
7
8
9

10

11
12 26754.2
13 26229.4 21044.5
14 29226.8 27425 7 20587.4

15 2_;787.5
16 27854 1;
17
18
19
20
21

22 26607.0
23
24
25

26 26419.7
27 27081.5 25583.8
28
29 26827.7 25369.5
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12 TYTE ANI) N1CItOLI.b

TAI3LE V

Franck-Condon l:actor Array to Large Vibrational Quantunl Numbers

_'\," 0 , 2 3 4 5 _ 7 8 _ ,o
0 6.5094--1 2.5883--1 7 01G2--2 , 5997--2 3 2979--3 6.3420--4 1 1549--4 1.9098--5 3.9805--6 5 0335--7 7.0274--_'

1 3.0144--1 2 2260--1 2 8598-1 1.3242--, 4 2726--2 1.1403--9 2 6998--3 5.8613--4 1 1849--4 2.2393--5 3.9313--_

2 4.5371--2 4 0599--1 5 0646--'2 2.2901--1 1 6535--1 7.1133--2 2 3623--2 6.6908--3 1 6951--3 3 9336--4 8.4449--.',

3 2 2475--3 1 0562--1 ,t ,372--, 2 1005--3 ,.55_ti-1 1.7060 , 9.4514--2 3 8008-2 l 26,2--2 3 6675--3 9.6386--4

4 1 4521--5 6.9353--3 1.6604--I 3 7922--1 _ 7256--3 9..'290,--2 1.5(102--1 1 09_;4-1 5 9363--2 2 0033--2 6 5985--5

5 4.6340--7 3 9&58--5 l 3395--2 2 2051--, 3 3100--1 2 9248--2 4.8,53--2 1.3327--1 1.1606--1 fi 4883--2 2 8257--:_

_ 9.4819--9 3.0877--6 5.7286--5 2.0691--2 2 6731--1 2.8304--1 5.3307--2 2 0444--2 ,.0647--1 l 1499--1 7.4424--2

7 6.4377--10 3.4169--8 1.1319--5 4 0998--5 2.7894--2 3.0877--1 2.4145--, 7.2364-2 5 9387--3 8 08.35--2 1.0837--1

8 4 1998--13 5.7552--9 4 9506--8 3.0055--5 1.8070--5 3.4188--2 3 4009--I 2 0830--, 8.4684--2 4.7434--4 5.8649--2

9 1.2746--12 3.8766--12 2 6591--8 1.7424--8 6 4203--5 1.0666--(, 3 8904--2 3.6856--! 1.8373--I 9 0654--2 5.5515--4

I0 3 9487--14 1 0275-11 1 7096-10 8 3563--8 3 2950-8 1.1610--4 8.0941--5 4 1527-2 3.9326--1 l 67,7--I 9 1407--2

,, 2 8767--16 6 9997--13 3 8767--11 1.6762--9 1 9686--7 6.7150--7 1 8230--4 3.8725-I 4.1704--2 4 1493--I l 5792--1

,2 5.2594--16 2.4906--15 5 5598--12 7.8486--,, 0 ,842-9 3.5933--7 3 5224--6 2.5089--4 1 0871--3 3.9276--2 4.3379--,

,3 7.4212--20 9 9105--,6 1.0091--13 2.7547--11 5 7016-11 3.5189--8 4.9932--7 ,.1720-5 3 0,02--4 2.3614-3 3 4320--'-

14 1.7188--16 9.8952-17 1.3821-15 9 97,3--13 0 4783-11 1 3391--11 1.0410--7 4.7645-7 3.00_8--5 3 0712-4 4 3643-3

15 1.8407--16 4.0381-17 2 6642-15 3.0960--15 7 _;533--12 2.2485--10 1.1384--9 2.4797-7 2 04,6--7 6 3998--5 2.4992--4

16 1 8159--17 5.4575--18 2.8290-1.7. _1.5616--15 2.0529-14 3.6688--1, 3.6122-10 8,9267-9 4.8200--7 1.5601-8 1 1714--4

17 9.5257--17 1.3459-16 1 3306--15 1.5689--15 5.3219-14 1.1348--12 1.2484--10 2.8360-10 3.8957--8 7 5533--7 1.3451--_

18 3.2282--16 6.4620--16 2.7374--17 3 0826--15 7.6808-15 4.8177--14 8.8436--12 3,2815--10 2.0518--15 1.2246--7 9.0082--7

,9 3.0466--16 6 7846--16 1.,417-16 2 9053--15 3.,337--17 7.9994--14 3.1.504--14 4.3885-1, 6.1538--10 1.8661--9 3.0166-7

20 6.8290--17 1.0853-16 4.7800-17 l 3187--16 1.9387--16 1.0090-14 l 0_1_5--13 1.2416-12 1.8333--,0 7.0155--10 1.6088--_.

21 2.0275--17 6.9310-17 2.1950--17 1.2681--15 2.4681--15 7.1429--,6 7.4978--14 6.1713-14 1.2370--11 4.3238--10 2.3013--1

22 1.6131--16 3.1946--16 2 1950--17 2.0731--15 1.1194-15 1.1293--15 1 8187--14 1 0,51-13 8.6085--15 6.8228--11 8 3364--,

23 3.080_--16 7.5001--10 1 8879--18 5.7561--16 2 8c_0--16 5.7740--,6 8.7811--18 5 5815--14 2.4374--13 3.2389--12 2.4321--1

24 2.6276--16 4.0819--16 2 2567--16 3.9537--17 2.8615--15 3.7123--15 2 7915--15 2 7967--14 8.7905--14 7.2159--14 3.0774--I

25 7 3746--17 7.2516--17 5 2749--,_ 3.2663--16 2.1827--15 1.4253--15 3 9308--16 4.4983-15 1.0689--14 2.0fi65-13 1.5994-,

26 2 6573--18 1.4601--17 4 5026-16 2.0016--16 5.8352-17 3.0164--16 2 0010-15 1 9009-- 15 5 6924--16 7.6241--15 6.6945--1

27 1.0392--16 1.4208--16 8.1945-17 6.7362--18 8.7095-16 2.7341--15 4 5872--15 1 1201-14 2.1936--15 6 4900--14 3.8017--1

28 'J.6226-16 2.7250-16 3.3132--17 2.8661--,7 1.9786--15 2 3088-15 8.0611-16 1.1309--14 2.8800--14 1.4500--13 4.4470--1

29 :2 6659--16 3 2371--16 3.0606--16 2.8421--17 1.0866--15 1.7611--,_ 1.8039-15 6.6923-15 9.2761--14 9.0932--14 1.4744--1

Data from R. _V. Nicholls 1961. These Franck-Condon factors are appropriate to Morse l_Jtentials and those for high quantum numbers may be not entirel

reliable because of the perturbations in the B _u* state.

P
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N+ B 2_,_-X _.Xv;FIRST NEG,VI'IVE SYSTEM 13

"I'ABI.E \'--(Continued)

• H 11 12 1;I 14 1.5 If; 17 18 19 20 21\,

0 8.4194--9 7.4706--10 2 7246--11 1.5572--12 5.7438--12 4 0732--12 1.9329--12 7.4934--13 2.4709--13 6.8549--14 I 6424--14
1 6.2862--7 8.7554--8 9 5331--9 5,6580--10 2.7584--13 4.1016--11 3.8757--11 2.1156--11 9.2253--12 3.5745--12 1.2773--12
2 1 6754--5 3 0305--_; 4 8313--7 6,265_;--8 5 2243--9 5.9097--11 1 2927--10 1.8980--10 1.2444--10 6.0838--11 2,.5444--11
3 2 3237--4 ,5 1559--.5 1,0110-,5 1,8810- f; 2 8382--7 3 0499--8 1 1388--9 1 9308--10 5.9679--10 4 8728--10 2,7405--10
; 1.9422--3 5.2074--4 1.2807--4 2,8771--.5 `5 79`51--f; 9 998`5--7 1.3165--7 8 8002--9 5.3633--11 1.3336--9 1.4349--9

5 I 0429--2 3 4058--3 1 0071--3 2.7242--4 _; 7369--5 1.`5032--`5 2.9233--6 4 5566--7 4.4113--8 3.8150--10 2.0816--9
_; 3 6`515--2 1 4962--2 5,3781-3 1.7413--3 `5 14,55--4 1.3912--4 3.4114--5 7.3925--6 1.330,5--fi 1 6789--7 ti,7916--9

7 8,0508--2 4 4113--2 1,9912-2 7.8225--3 2.7556--3 8 8413--4 2 5973--4 f; 9`513--`5 1.6626--5 3.3928--6 5.2.530--7
8 9 8211-2 8.3188--2 5 0528--2 2 4953--2 1.0647--2 4 057-t--3 1.4059--3 4,4_32--4 1,2957--4 3.3924--,5 7 7377--6
9 4.07.51--2 8 6284--2 8 2879--2 ._ 5439--2 2 9771--2 1.3721--2 5.6271--3 2 0953--3 7.1529--4 2.2401--4 6.3751--5

0 3 f;OtO--3 2.7101--2 7 3930--2 8.0178--2 ,5 8721--2 3,409q--2 1 6889--2 7 4191--3 2.9555--3 1.0800--3 3.6310--4

1 8 8180--2 7.8956--3 1.719,5-2 _; 2084--2 7 ,5740--2 Ii 0410--2 3.7741--2 1.9994--2 9.3675--3 3 9758--3 1.5488--3
2 1,5,540--1 8.2045--2 1.2382-2 1 0343- 2 5 1312--2 7.0185--2 6.06,56--2 4.0577--2 2 2892--2 1.1393--2 5.1321--3
3 4.4957--1 1 5933_1 7,3838--2 1 _;,_0_;--2 5 8379--3 4 1892--2 6.4044--2 5.9684--2 4.2558--2 2.5466--2 1.3412--2
I 2.7223--2 4 6145--1 1,6967--1 6 4180--2 2,0049--2 3 0433--3 3 3901--2 5.7743--2 5,7746--2 4.3701--2 2.7626--2

5 7.1648--3 1,87q2--2 4 6808--1 1.8661--! `5 3547--2 2.3010--2 1.4302--3 2.7284--2 5 1592--2 5.5097--2 4.4065--2

6 1.3`548--4 1 0_;76--2 1 0178--2 4.6761--1 '._.1044--1 4.2359--2 2 5526--2 `5 8439--4 2.1907--2 4 .vJ_04--2 5.1972--2
7 1 8972--4 2 0326--,5 1 1586--2 3.2073--3 4 5788--1 2 4131--I 3.10459--2 2.7824--2 1.9790--4 1.7599--2 4.0509--2
8 7.5_`52--6 2 5870--4 3.5495--`5 1.8313--2 1.9948--`5 4.3662--1 2 7903--1 2 0265--2 3.0199--2 5.4549--5 1.4183--2
9 ¢i 83,57--7 2,4387--,5 3 0557--4 3.9549--4 2.1029--2 3.0089--3 4.0194--1 3 2267--1 1.0750--2 3.2999--2 1._955--5

:0 ,5.9409-7 1.3334--7 5.8697--5 2.9260--4 1 3714--3 2.1794--2 1.4370--2 3 5292--1 3,7021--1 3.5923--3 3.6042--2

!1 6.9,591--8 9.1908--7 3.4595--7 1.1445--4 1 9932--4 3 2078--3 1 9842--2 3 5454--2 2,9044--1 4.1810--1 1.2231--4
._2 5.0037--10 2.0893_7 1 0338--6 4.6938--fi 1 8534--4 ,5.90;9--5 5.9731--3 1.50(}6--2 6.5937--2 2.1796--1 4.6109--1
:3 1.0306--9 I 0520--8 4 7806--7 {_ 4729--7 1.9_k'_0--5 2 4734--4 8.0611--6 9.3682--3 8 2444--3 1.0298--1 1.420_f--!
't 6.5049--10 3.7077--10 5.8628--8 8.4343--7 2.1043--8 5.3360--5 2.5985--4 3.1278--4 1.2586--2 2.0152--3 1.4068--1

!5 1 434,5--10 1.1228--9 7.4423--10 2 0164--7 1.0704--6 1.3360--6 1.1017--4 1.8749--4 1.3264--3 1.4378--2 2.1219--4
!6 1.47,55--11 4.0176-10 8.5840--10 1.6039--8 4 8573--7 7.4719--7 1.0525--5 1.79041--4 5.28_1--5 3.3301--3 1.3483--2

!7 4,5578--14 4.7793--11 6.8930--10 8.1140--12 8.0276--8 8.1718--7 3.5258--8 3.6910--5 2,2192--4 1.71'..)0--5 6.2372--2
!8 2.0445--12 6 77,52--13 1.4968-10 1.0541--9 2.5762--9 2.3357--7 8.9840--7 1.3616--6 8.55#_--5 1.&547--4 4.3123---t
!9 6.2,502_12 1.9120--11 7 1972--12 9.0426--10 1 6712--9 2.2423--8 5.1404--7 4 9309--7 1.0523--5 I 4399--4 f;.6619--5

p ii
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14 TYTE AND NICHOLI.S

TABLE VII

Einstein A Coefficients, Oscillator Strengths (f_,0,,) a,ld Absolute Baud Strengths (S,,_,,)

v'_v" 0 I 2 3 4

I .24+7 2.20+6 5 01+5 1.05+5
0 1.90-2 6.03-3 1.67 -3 4.29-4

3._)-1 1.66-1 ,5.06-2 1.45-2

3.42+6 2.68+6 2.66+6 1.93+6 2 74+5
1 6.58--3 6.07--3 7.15--3 6.27--3 1.09--3

I .52-- _ 1.52--1 i.95--1 1.88--1 3.61--2

8.26+5 4.79+6 7 82+5 2.32+6 1.31 +5
2 1.36-3 9.13--3 1.75--3 6.15--:3 4.15--4

2._9--2 2.09-- 1 4.:34--2 1.66-- 1 I .23-- 1

1.88 +6 5.19 +6
3 3.06-3 9.80-3

6 .r_)- 2 2.24-1

A,,,,,(sec-b.
_t_t_

S.,,,,(a_e _) (atomic units)L
Data from Nicholls (19631.

TABLE VIIi

Relative Intensities of the Principal Bands of the System Excited in Various Sources

Duffendack, Revans and
Ro_"(1934)1' Wallace and Tyte (1962)§

Smythe and Arnot (1930)f +ve ion ex_t,_. Electron Nicholls (1955)§ Helium and
+ve ion H.V. Electroq in a He + N_ excitation Nitrogen + Helium Nitrogen

Band excitation discharge excitation mixture in pure N: Mixture Mixture

0,0 I(X) 100 I(X) l(,q) 100 100 100 *
0,1 75 80 62.5 75 45 30.5 25.3
0,2 35 53 12.5 45 22.5 4.2 5.0

1,0 12.5 S;.6 11.4 10 10 15.1 21.0
1,2 10 10 10 10 10 10 10 *
1,3 5.8 6.7 4 4.J 6.0

2,1 6.7 7. I 5 26.3 30.8
2,4 5 5 5 5 5 *

_-- 3,2 5 5 5 5 *
3,4 2.9 3.0 5 O.7
3,5 2.5 2.5 5 0.5

• Set equal for comparison.
tPhotographlc intensity measurements.
}Photoelectric i,ltensity measurements.

[_ i iii--r
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.,,-A 2y.;N_" B 2v+ - I"IRST NEGATIVE SYSTEM 15

TABI.E IX

Tabulated Klein-l)unham Potential Function, V(r), X 2_+ State of N+..

v + ½ V (era -l) V (ev.) r,,,i.(A) r.,..(A)

0.5 10{_) 6 0.136 1. 072 1.166
I 0 2191.1 0.272 I {I,56 1.189
I. 5 3274.4 0.400 I. 043 I. 207
2.0 434{.). 6 O. 539 1. 034 1.223
2.5 5416.6 0.671 1.025 1.237

3.0 6475 4 0._03 1.01,_ ! 251
3.5 7526.0 9. 933 1. 011 1.264
4.0 8568.4 1. 062 1. 005 1.276
4.5 9602.4 1. I_,X) O.99() i. 288
5.0 10628 I 1.317 0.994 1 :flJO

5.5 11645.5 1.443 0.989 1.310
6.0 12654.5 1.56S O. 984 1. 320
6.5 13655.0 1. 692 O. 97!) 1. 331
7.0 14647.1 1.815 0.975 1.341
7.5 15630.7 1. (.)37 O. 972 l 352

8.0 166{)5.8 2. 058 O. 968 1. 362
8.5 17572.2 2. 178 0.964 1. 372
9.0 18530.9 2. 297 (). 961 1. 382
9.5 19479. I 2.414 O. 958 ) . 3!)2

10.0 20419.5 2. 531 O. 955 1. 402

19 5 21351 t 2.646 0.952 1.411
11.0 22273.9 2.761 0.949 1.421
11.5 23187.8 2.874 0.946 1.431
12.0 24092.8 2. 986 O. 943 1. 440
12.5 249_. 8 3. 097 O.940 1 .450

13.0 25875.7 3. 207 O. 938 1. 460
13.5 26753.6 3. 316 0.935 1.469
14.0 27622.8 3.424 0.933 1.479
14.5 28482.4 3.530 O. 931 1.489
15.0 29332.4 3.636 O. 9'28 1.498

15.5 30172.9 3.740 O. 926 I._k_
16 0 31(X14.5 3.843 0.9'24 1.518
16.5 31826.5 3.945 O. 922 1.528
17.(} 32639.0 4.945 ().920 1 _,,_
17.5 33441.9 4.145 0.918 1.54_

18.0 34235.2 4.243 O.916 1.5"_
18.5 3,54)18.7 4.340 o.915 1.5t_
19.0 3579.2.4 4.436 O. 913 1.579
19.5 36556.2 4. ,531 9.911 1. ,r_9
20.0 37310.1 4.624 9.910 1 599

20.5 38053.9 4.716 0 9(18 1.610
21 (; 3_787 (" 4 8[)7 0._)6 1.621
21 5 39511.2 4.897 I1 tN)5 1.631

t

9 i
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16 TYTE .\ND NICHOI.I.S

TABI,E X

Tabulated Klei,t-I)unham l'otential Function, V(r), B 21"_ State of N _

v + ½ V (c-1-0 V (ev.) r,,a(A) r,_,,(A)

(} 5 12(14.1 0.14{.t I 036 t. 126
1.0 2396.0 O. 297 1. It20 1. 147
1.5 3575.6 0,443 1 OOX i. 165
2.0 4742 3 0 588 O.{._,F,) 1. 181
2 5 58{.)4 4 9.731 0. (.F.;(_ 1.195

:1 1| 7031 9 0 872 0.983 1.2(19
;I.5 S154 N 1.011 0,977 1.2"21
4.11 9262.2 1. 148 O, 971 1 234
4.5 10:351.2 1. 283 O, tJ66 1. 247
5.11 11421.8 1.416 0.961 1.259

5.5 12474 0 1 546 0.{.157 1 272
6.0 13,505.7 1.674 q, 953 1.2/4,5
6.5 14515.0 I. 7HI 0.950 1.297
7 (I 15501.8 1.921 0.946 1 310
7.5 !6466.1 2.()41 O. 943 I. 323

s 0 17395.4 2. 156 0.940 I. :3:]7
8.5 18298 3 2.268 O. 936 1. ;]51
9.0 19174 9 2 377 0 934 1.3fi5
9.5 20{)25.2 2.482 O. 031 1 380

10.0 20838 1 2.5,_3 O. 9'28 1.396

10.5 21621.9 2.6811 0.925 1.411 _t:,
11.0 22376.5 2.773 O. 9"23 I. 428
II .5 23101 .X 2._3 0.921 1.445
12.0 23799.4 2.9,50 0.919 I. 463
12.5 2447:3.2 3.03:i O. 917 1.480

13.0 2512:1.2 3.114 0.916 1.49X
1:3.5 25749.5 3.191 0.914 1.516
14.0 26356.4 11.26_ 0.912 1.534
14.5 26945.8 3.340 0.911 1.5.52
15,0 27517.8 3.411 11.91)9 1. 571

15.5 28{;72.4 :1. 471.1 C. _18 1.589
16.0 28612.4 3. ,r#6 0.9C6 1.607
16.5 29139.5 3 612 0.905 1.625
17.0 Ln,1653.7 11.675 0.904 1 643
17.5 ;a1155.0 3.737 O. 91)3 I 662

' S 1) .]0643.5 3. 798 I). 9ty_ 1.68()
18.5 31121.0 3.857 0 3(;1 1.61t8
19.0 31587.5 3 915 0.900 1.717
19.5 "i204"3.0 3.971 11.898 ! 735
20.6 32488.6 4.027 0.897 1 754

20.5 329'25.0 4.081 O. 896 I. 772
21.0 33"352. _ 4.1:14 O. 895 1.7911
2 I. 5 33770.11 4. 186 O. 894 I. 809
22.0 34179 4 4 236 0._t93_ 1.828

_-- :,_. 5 34580 0 4.286 0 _:93 1,846

23.0 34971.9 4 3:14 0.89.2 1.86,5
23.5 :_tb355.9 4. :_'_2 0.891 i 88,5
24 0 3571_A).3 4.428 0.890 1.904
24.5 :_{PJ9.0 4.474 O.F,89 1 W22
25.0 "16461.1 4.519 0.8,88 1.941 ,

25.5 36816.7 4.563 q) _7_ 1.960 _,
26.0 37165.4 4 6116 11,_';87 1.980
26.5 37.507.0 4.649 0 886s 2 0110
27,0 37841.5 4.6t.N) t).,_5 '_ 019

27 5 38168 8 4.731 11,_ 2.040 ,_
28.11 38491.4 4.771 11.SS4s 2 1)50
28.5 38806.4 4.810 11 884 2.080
L_.O 39113.9 4.848 q).8,_1 2. !01

29 5 39,41"3 ,_ 4 _k5 i) ._,2s "_.I..'_) ;

] 9660 ] 603 ] -022



N_-B _Z_+--X2Z_FIRST NEGATIVE SYSTEM 17

s. DESCRIlVI'ION OF PI.ATES

It has been mentioned earlier that it is very

difficult to excite the First Negative System of

Nitrogen without exciting the Second Positive
system also. It is possible to suppress the
Second Positive system but only by using very

carefully controlled conditions. Since the present
work is essentially practically oriented it was
felt that it would be of most use to illustrate the

system under conditions in which it would
normally be o:lcountered i.e. with the Second
Positive system appeariia7 reasonably intensely.

Plate 1 shows the system under low dispersion
(_60 ,A/nun). The source used was a hollow
cathode discharge tube, i,'assing a direct current

of 200 ma through Helium containing a trace of
Nitrogen at 8 mm of Hg pressure. The spectrum
was taken on a Hilger f4 small quartz prism
spectrograph.

Plate 2 shows the system under moderate

dispersion (_-_15 A/mm). The source used was as
for plate 1 and the spectrum was taken on a
Hilger medium quartz prism spectrograph.

Plates 3 and 4 show the system under high
dispersion (_5 A/ram). The source used was as
for plate 1 and the spectrum was taken using the
first order of a 3 metre concave grating in a

Wadsworth motmting.

Plate 5 shows the system under moderate

dispersion (_15 A/mm). In this spectrum the
_" tail bands are particularly well developed. The

source used was a liquid air cooled discharge of
30 nm through 200 mm Hg of Helium containing

a trace (1 mm Hg) of Nitrogen and the spectrum
was taken with a Hilger large quartz prism
Littrow spectrograph.

Plate 6 shows the system under high dispersion

(_2 A/mm). The tail bands are well developed.
The source used was as for plate 5 and the
spectrum was taken using the second order of a
3 m grating in an Eagle mounting.

I
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